The amounts and forms of the plant nutrients present in various layers of soils may vary considerably. This is particularly true with respect to those nutrients which, as nitrogen, sulphur and phosphorus, largely occur in the surface layers in organic forms. The texture and, especially, the structure of the soil may be different at the different depths, and the activity of microorganisms and plant roots also markedly affects the soil conditions in the layers where they are present. The acidity of the soil is one of the properties which often changes with the depth, and corresponding changes are likely to be found in the forms of the nutrients.
The soil pH was measured in a 1 : 2.5 suspension in 0.02 N CaCl 2 by the glass electrode. Aluminium and iron were extracted by Tamm's acid ammonium oxalate solution, aluminium was determined by the Aluminon method and iron by the sulfosalicylic acid procedure after the destruction of the organic matter by ignition.
The fractions of inorganic phosphorus were determined by the method of Chang and Jackson (2) , instead of neutral NH 4 F-solution a slightly alkaline extractant was used. The number 1 test by Bray and Kurtz (1) was modified by changing the ratio of extraction to 1 to 10. The acetic acid soluble phosphorus was determined by extracting the samples for half an hour in the ratio of 1 to 10 with 0.5 N acid.
The »exchangeable phosphorus», the corresponding phosphorus concentration in the solution, and the indicator of the phosphate retention capacity of the soil were determined according to the somewhat modified method proposed by Teräs-vuori (12) .
Results
The distribution of inorganic phosphorus into the different fractions at various depths of two virgin soils from Tohmajärvi is shown by the data recorded in Table 1 . The sandy till soil represents a strongly podsolized forest soil, in which the layer from 10 to 18 cm is the bleached A 2 -horizon, and the layer from 20 to 30 cm is the enriched B-horizon. This is distinctly revealed by the contents of ammonium oxalate soluble aluminium and iron in these layers as compared with those in the other layers. The content of extractable inorganic phosphorus is not high in the surface layer, yet markedly higher than in the impoverished second layer. Also in respect to inorganic phosphorus, the enrichment of the B-horizon (from 20 to 30 cm) is obvious. In the three layers down to 30 cm, the largest part of the extracted inorganic phosphorus is bound to iron, either as the alkali-soluble form or in the reductant soluble fraction. The ammonium fluoride soluble fraction which is supposed to represent aluminium bound phosphorus is far lower. Downwards from the enrichment layer there is an increase with the depth in the content of acid-soluble phosphorus or Ca-P. With this increase a decrease in the phosphorus bound by the sesquioxides is connected. The amount of the occluded sesquioxide-phosphorus is low in all the layers studied. In Table 2 are recorded the results obtained for the twelve pairs of virgin soils, most of them forest soils. Since the sampling depths were the same as those for the twelve pairs of cultivated soils, the »topsoil» from 0 to 20 cm is likely to contain both the A r and A 2 -horizons of the podsol soils while the »subsoil» from 20 to 40 cm may in addition to the B-horizon contain some parts of the A-or C-horizons. In all these soils, with the exception of a typical Litorina soil, Vi 6, the topsoil is more acid than the subsoil. In the till, sand, and fine sand soils all the fractions of inorganic phosphorus are lower in the topsoil than in the subsoil. In the soils of a finer texture, apparently the leaching has been less intensive, and the topsoil may even contain somewhat more Al-P, Fe-P, or Ca-P than does the corresponding subsoil. In most of the samples the part of inorganic phosphorus bound by aluminium is lower than the fractions connected with iron or calcium. The relatively high content of Al-P in the samples Mi 3 b, Mi 1 b, Mi 5 b, and LL 3 b may be accounted to the large amount of ammonium oxalate soluble aluminium in these samples: from 240 to 380 mmol/kg. In spite of the fact that all these soils are distinctly acid, the calciumbound phosphorus is in one half of the samples equal to or higher than the alkalisoluble phosphorus. In the other half of the samples, the iron bound phosphorus is the most dominant form. In several of the samples the content of the reductant soluble phosphorus is fairly high, but it is of interest to notice that this is not the case in the Litorina soil Vi 6. The occluded phosphorus is usually low.
The three test values of Teräsvuori give some more information of the phosphorus conditions of these soils. The »exchangeable» phosphorus, x O , is almost equal to the sum of the Al-P and Fe-P fractions. In all the soils of the coarser texture x 0 is lower in the topsoil than in the corresponding subsoil. The opposite is true with the three samples finer than loam. In most of the samples the corresponding phosphorus concentration in the solution, y O , is rather low. Since y 0 does not only in the topsoil. This appears to be connected with the higher content of active aluminium and iron in the »subsoil» of the more podsolized soils.
In the twelve pairs of cultivated soils (Table 3 ) the acidity of the plough layer is, usually, somewhat less than or at least equal to that in the subsoil. An other, even more marked difference between the virgin and cultivated soils is found in the content of aluminium bound phosphorus which in the latter soils in all cases is higher in the plough layer than in the subsoil. In most of the cultivated soils also the Fe-P fraction is in the plough layer higher than in the subsoil. With some exceptions this holds true even with the calcium-bound phosphorus. The contents of the reductant soluble phosphorus and the occluded phosphorus in these soils were of the same order as in the virgin samples. All the test values, except the acetic acid soluble phosphorus in the soils Ra 3, Kä 1, and LL 7, prove that the phosphorus conditions in the plough layer are superior to those in the subsoil. Even when the phosphorus sorption capacity in the plough layer is high, there seems to be a fairly high content of exchangeable phosphorus which is able to maintain a relatively high phosphorus concentration in the solution. In the subsoil, both x 0 and y 0 may be rather low, or of the same order as in the virgin samples.
Some more information may be given by the results obtained for the 20 cultivated soils sampled down to the depth of 60 cm or 70 cm. In Table 4 these The changes in the acidity with the depth are typical in the two groups of clay soils, in the other groups the pH tends to be lowest in the layer below the topsoil, but the differences are not marked. In all the groups the Al-P fraction is by far the highest in the toplayer, and it decreases with the depth being very low in the deepest layers sampled. The same pattern may be found in the distribution of Fe-P at the various depths, except in the Litorina clays in which the alkalisoluble phosphorus remains high in all the layers. Only in the plough layer of the sand and fine sand soils the content of aluminium bound phosphorus is equal to that of the alkali-soluble form. The latter fraction is dominant in the Litorina soils and in the plough layer of the Glacial clay soils. In all the other cases the largest part of the extracted inorganic phosphorus is found in the fraction of Ca-P. In the Litorina clays a slight decrease with the depth may be seen in the content of calcium bound phosphorus, in all the other groups the maximum content of Ca-P is in the deepest layer sampled. There seems to be a minimum of Ca-P in the layer from 2 to 3 dm in the sand and fine sand soils and in the Glacial clay soils. Because of the different sampling depths, the possible existence of this minimum in the loam and silt soils cannot be proved. The reductant soluble and occluded phosphorus are low in all the other groups except in the Glacial clays. No tendency in the variation of these fractions with the depth may be found.
According to the test values, the phosphorus conditions are most satisfactory in the top layer of all the groups. Only the acetic acid soluble phosphorus is highest in the deepest layers of the loam and silt soils and the Glacial clay soils, as may be expected on the basis of their high content of calcium bound phosphorus. Because of the rather low values of a in the loam and silt soils studied, the values of y 0 in the deeper layers is higher than in the corresponding layers of the other groups. In the Litorina clays the large amount of exchangeable phosphorus even in the deeper layers allows, in spite of the very high phosphorus sorption capacity, somewhat higher phosphorus concentrations in the solution than is the case in the deeper layers, of the Glacial clay soils.
Discussion
The similar trends found in the soils studied in the distribution of inorganic phosphorus into various fractions at various depths allow the drawing of certain conclusions even on the basis of the present rather small material. Only the Litorina soils seem to have their own pattern, with the alkali-soluble iron-bound phosphorus dominating down to the deepest layer sampled. In all the other soils the largest part of the extracted inorganic phosphorus in the layers below the depth of 30 cm or 40 cm is bounded to calcium, and usually, there is an increase with depth in this fraction.
According to Chang and Jackson (2) the distribution of the inorganic phosphorus is related to the degree of soil chemical weathering during soil development in the sequence: calcium bound phosphorus, aluminium bound phosphorus, iron bound phosphorus, and reductant soluble and occluded phosphorus. The low content of the last fractions, on the one hand, and the fairly high part of calcium bound phosphorus, on the other hand, show that the chemical weathering in most of our soils is not yet at an advanced stage. In the acid surface layers there may be more phosphorus bound to iron and aluminium than to calcium, but this is likely to be at least partly connected with the biological cycle of phosphorus. Numerous microorganisms are known to be able to dissolve apatite like phosphate, and with the aid of microorganisms even the plants may utilize it. When phosphorus is then released from the organic forms in acid soils, it will be bound by aluminium and iron (5) , and thus these fractions will be increased at the expence of the calcium bound forms. It may be mentioned that in the surface layer of all the virgin soils and of most the cultivated soils the part of phosphorus which occurred in organic forms was far higher than any of the fractions of inorganic phosphorus. Some essential differences appear to exist in the fractions of inorganic phosphorus in the virgin and cultivated soils. In the virgin soils the topsoil is very poor in aluminium bound phosphorus. In the intensively podsolized soils the layer from 20 cm to 40 cm usually contains somewhat more of this fraction. In the cultivated soils, on the other hand, the fertilizer phosphorus tends to be accumulated in the surface layer, and often it markedly increases the aluminium bound forms. Also the alkali-soluble phosphorus fraction benefits by the fertilizer phosphorus. In some cases there seems to be an increase even in the calcium bound fraction, but this is likely to happen only as a result of the application of hyperphosphate or other fertilizers containing apatite (8) .
The picture given by the present results of the distribution of inorganic phosphorus into various fractions at various depths of the cultivated non-Litorina soils is in accordance with most of the data reported by Made (11) and Heinemann (4) In the plough layer of the cultivated soils which are intensively fertilized by water-soluble phosphates the accumulation of aluminium bound phosphorus is usually high enough to produce a fairly high phosphorus concentration in the solution even in soils of a high sorption capacity. It may be possible that in some of the cultivated soils the plant have taken up phosphorus also from the upper part of the subsoil, and thus they have decreased the content of aluminium bound phosphorus in this layer.
It was to expected that the results of the Bray P 1 test would be correlated with the content of aluminium bound phosphorus, and that the same would hold true between the acetic acid soluble phosphorus and the calcium bound phosphorus. The TERÄsvuoßi-test is based on the supposition that in our acid soils the alkalisoluble phosphorus or phosphorus bound to the sesquioxides will be in equilibrium with the phosphorus in the soil solution. There may be some question whether the »x 0 » of this method will represent the amount of phosphate which will determine the corresponding concentration in soil solution. Yet, this method will give more information of the soil phosphorus condition than any of the simple test values. In most of the soils studied, the Teräsvuori-test shows the probable differences between the phosphorus conditions in the topsoil and subsoil of the virgin and cultivated soils.
Summary
The fractionation method of Chang and Jackson (2) was used for the analysing of the distribution of inorganic phosphorus in the topsoil and subsoil of twelve virgin and twelve cultivated soils from various parts of the country; two virgin soils and twenty cultivated soils were studied down to the depths of 60 cm or 70 cm, one even to 2 m.
In the more intensively podsolized virgin soils the surface layers, particularly the A 2 -horizon, are very poor in all the forms of inorganic phosphorus while the enrichment layer will contain fairly high amounts of iron and aluminium bound phosphorus. The application of fertilizers and the other cultivation managements tend to accumulate aluminium and iron bound phosphorus in the plough layer. In some soils the minimum content of calcium bound phosphorus occurs in the layer below the plough layer, but an increase with the depth seems to be typical to it in all the non-Litorina soils, while the first two fractions usually decrease with the depth. In the Litorina soils the iron bound phosphorus is dominant in all the layers studied, but the content of reductant soluble phosphorus is low in these soils, and their content of calcium bound phosphorus is higher than the content of phosphorus bound by aluminium. Voimakkaasti podsoloituneitten maitten pintakerrokset, etenkin valkomaa-taso, sisältävät hyvin niukasti epäorgaanista fosforia, kun taas rikastumistasossa saattaa olla runsaasti varsinkin aluminiumin ja raudan sitomaa fosforia. Lannoituksen ja muiden yiljelystoimenpiteiden vaikutuksesta kertyy muokkauskerrokseen suhteellisen runsaasti näitä fraktioita. Joissakin maissa näytti kalsiumin sitoman fosforin määrä olevan matalimmillaan heti muokkauskerroksen alapuolella, mutta, syvemmälle mentäessä sen määrä yleensä kasvoi sekvioksidien sitoman fosforin osuuden vähentyessä. Poikkeuksena ovat Litorina-savet, joissa raudan sitoma fosfori on vallitsevana muotona kaikissa tutkituissa kerroksessa.
Kalsiumin sitoman fosforin suhteellisen suuri osuus useimmissa maissa ja toisaalta okludoituneen fosforin melko pieni määrä osoittavat, että useimpien maittemme kemiallinen rapautuminen ei ole vielä ehtinyt pitkälle.
Testiluvut olivat yleensä sen mukaisia kuin maitten epäorgaanisen fosforin fraktioitten ja ammoniumoksalaattiin liukenevan raudan ja aluminiumin perusteella saattoi odottaa.
